The presence of diversity in the Stellera chamaejasme population was found via their chemical composition. The eight collected samples were grouped into two chemotypes on the basis of the amount of neochamaejasmin B and chamaejasmine. Diversity was also found in the amount of afzelechin. The stereochemistry of neochamaejasmin B was confirmed by NOE experiment.
Plants in the area of the Hengduan Mountains, located in northwestern Yunnan and southwestern Sichuan Provinces, and partly in the eastern Tibet Autonomous Region, China, provide us with interesting materials for studies of plant diversity. We reported that intra-specific diversities in chemical composition were present in many Ligularia species (Asteraceae) in this area [1] . Past hybridization was detected in many species, suggesting that this is a major pathway of evolution. To understand the characteristics of the area, it is essential to study some other plants. We recently reported that intra-specific diversity was also present in Iris delavayi Micheli (Iridaceae) [2] . The diversity was recorded in the chemical composition of iridal-type triterpenes.
In the present study, we focus on Stellera chamaejasme L. (Thymelaeaceae), the only Stellera species recorded in China [3] , which is abundant in the area. Following the first isolation of chamaejasmine [4] , various biflavanones such as isochamaejasmin [5, 6] , neochamaejasmins A, B [7] , and chamaejasmenins A-C [8] were isolated during the 1980s from this plant. Some flavonoids were shown to have biological activities [9, 10] . In this report, we describe the diversity in chemical composition among S. chamaejasme populations. Figure 1 ). Samples 2 and 8 were collected at the same basin (about 3 km from each other).
A part of each root sample (a few grams) was extracted with EtOH immediately after harvesting without drying, and the chemical composition was surveyed by TLC (CHCl 3 /MeOH 4:1) using oanisaldehyde/AcOH/H 2 SO 4 as the visualizing agent. As a result, two major spots appeared with R f values of about 0.67 and 0.55 for samples 2, 5, 6, and 8, while the spot at R f 0.55 was the major one for samples 1, 3, 4, and 7 ( Figure 2 ). This result indicates the presence of diversity in the chemical composition. The above EtOH solutions were subjected to LC-MS (reversed phase LC), and the results are shown in Figure 3 . Peaks at t R = 6.1 (base peak at m/z 543) and 7.9 (m/z 543) min were observed in samples 2, 5, 6, and 8, while these peaks were very small in sample 7 and absent in samples 1, 3, and 4. The results are consistent with the above TLC observation, and thus, the eight samples were grouped into two chemotypes, A and B ( Table 1 ). The two chemotypes were geographically separated, i.e., samples of chemotype A were collected from the Ganzi basin, and samples of chemotype B from the other area. In our observation, the species was very abundant near Ganzi city.
Isolation of the major component was carried out for typical samples (samples 1, 2, and 5). Dried roots of each sample were extracted with EtOAc, and the compounds therein were purified by standard methods such as silica-gel column chromatography and HPLC. From these samples, afzelechin (1) [11], chamaechromone (2) [12] , chamaejasmenin A (3) [8, 10] , neochamaejasmin B (4) [7, [13] [14] [15] , isochamaejasmenin B (5) [10] , chamaejasmine (6) [4, 6] , neochamaejasmin A (7) [7, 10] , and isochamaejasmin (8) [5, 6] were isolated. Compounds 4 and 2 were assigned to be the major compounds of R f = 0.67 and 0.55, respectively. Since a spot at R f = 0.78 was also distinct in sample 6, the compound therein was isolated to obtain umbelliferone (9) .
With the major components in hand, LC-MS of each isolated compound was measured. showed t R = 3.4 (base peak at m/z 139) and 4.6 (m/z 199), respectively. Although the mass spectrum of the first peak (t R = 3.3-3.6) of LC-MS showed complex signals, m/z 139 was observed in most of the samples, suggesting that 1 is a common component. However, in samples 6 and 8, m/z 139 was absent suggesting that 1 was absent (or in a very small amount) in these samples. In contrast, the mass spectrum of the peak of sample 7 was almost identical to that of pure 1. These results indicate the presence of diversity in the amount of compound 1. Compound 2 was detected in all samples.
In the literature, the structure of compound 4 (neochamaejasmin B) is confusing. The compound was first isolated from S. chamaejasme by Hirata's group in 1984, and the structure was determined to be C-2/C-3-cis and C-2"/C-3"-trans from the J-values, but the stereochemistry between C-3 and C-3", i.e., 4 or 4a, was not determined [7] . Later, Huang et al. [13] and Feng et al. [14] isolated the same compound and the structure was determined after Hirata's report showing structure 4a, while recently Li et al. [15] described it as structure 4. Li et al. isolated a methoxy derivative 10 from the same plant and the stereochemistry was determined by the presence of NOE between H-2' and H-2" [15] , suggesting that 4 has the same configuration as compound 10. Hence, to confirm the stereochemistry, the ROESY spectrum of 4 was measured. As a result, an NOE between H-2' and H-2" was observed, as reported for 10. Therefore, it is likely that neochamaejasmin B has structure 4. The NOE and coupling constant (J 3,3" = 3.2 Hz) can be explained by the conformer shown in Figure 4 . An NOE between H-3 and H-3" was also observed. In conclusion, the presence of diversity in the chemical composition of Stellera chamaejasme was discovered. The presence of two chemotypes was found. However, the diversity was limited to the amount of each chemical composition, indicating that, in contrast to most major Ligularia species [1] , the diversity in S. chamaejasme was small. Dried roots of sample 5 (97.6 g) were extracted with EtOH at room temperature to yield an oily residue (7.3 g). EtOAc and water were added, and the 2 layers were separated. The organic layer was evaporated, MeOH aq. (90%) was added, and the solution was washed with n-hexane. After evaporation of the solvent, the residue was roughly chromatographed on silica gel (n-hexane/EtOAc, gradient) to afford 4 fractions. Fr. 2 was further separated by CC (silica gel and Sephadex ® ) and HPLC to afford 1 (159.3 mg), 2 (3.6 mg), and fractions containing 4, 7, and 8 (161.3 mg), which were not further separated.
Dried roots of sample 6 (5.8 g) were extracted with EtOH at room temperature to yield an oily residue (496 mg). MeOH aq. (90%) was added, and the solution was washed with n-hexane. After evaporation of the solvent, the residue was roughly chromatographed on silica gel (n-hexane/EtOAc) to afford 3 fractions. Fr. 1 was separated by silica gel CC and HPLC to obtain 9 (1.2 mg), 2 (34.3 mg), 7 (1.3 mg), and 8 (4.6 mg).
